The early evolution of hydrogen ϩ ͑H II͒ regions is controlled by the properties of the star-forming cloud cores. The observed density distributions in some young H II regions indicate that the power-law stratifications can be steeper than r Ϫ2 . Ionization fronts can overrun these gradients and the ionized outflows are strongly accelerated along these steep density distributions. Thus, photoionized regions can either reach pressure equilibrium inside the inner parts of the high-pressure cores ͓with sizes and densities similar to those observed in ultra compact ͑UC͒ H II regions͔, or create bright H II regions with extended emission. The density inhomogeneities engulfed within the ionization fronts create corrugations in the front, which in turn drive instabilities in the ionization-shock ͑I-S͒ front. These instabilities grow on short time scales and lead to the fragmentation of the dense shells generated by the shock fronts. Thus, new clumps are continuously created from the fragmented shell, and the resulting finger-like structures can explain the existence of elephant trunks and cometary-like globules in most H II regions. In the case of planetary nebulae ͑PNe͒, wind asymmetries and magnetic fields from rotating stars, along with precession of the rotation axis, can create the wide range of observed PNe morphologies and collimated outflows ͑jets͒. Magnetic collimation and jet formation in PNe become very efficient after the flow has passed through the reverse shock of the PN.
I. INTRODUCTION
Ionized gaseous nebulae are among the most spectacular objects in the sky. These nebulae are bright, extended objects displaying a variety of complex shapes, usually delineated by bright rims and clumpy structures. Depending on their origin, they are broadly classified as H II regions, planetary nebulae ͑PNe͒, or supernova remnants ͑SNRs͒. They are composed of hot plasma, with optical emission-line spectra dominated by forbidden lines of different ionic species ͑at radio frequencies they have a relatively strong continuum͒. The strength and widths of the emission lines provide information about the velocities, temperatures, densities, and chemical abundances of the emitting gas. The observed variety of ionic stages is produced either by photoionization from strong ultraviolet radiation sources ͑i.e., hot stars͒ or collisional ionization in post-shocked layers ͑due to shock waves from supersonic flows͒.
H II regions and PNe are produced by the UV photon field ͑with wavelengths Ͻ912 Å͒ emitted by young massive stars and old low-mass stars evolving toward the whitedwarf phase, respectively. Thus, these nebular objects are generated by hot stars located near the two ends of their evolutionary tracks ͑see the book by Osterbrock 1 ͒. The birth of a hot massive star within a dense interstellar cloud is a source of energy that excites and photoionizes the parental cloud, creating beautiful H II regions with complex morphologies. These massive stars ͑i.e., stars with masses larger than about ten times the mass of our Sun͒, designated as OB stars, are the most luminous stars and inject large amounts of energy from birth to the death, exploding as a supernova. Their lifetimes range from about 10 6 to a few times 10 7 yr; they are the shortest lived of all stellar types. Despite such a short lifetime, a small number of these OB stars are able to destroy their parental cloud, exposing the whole cluster of recently formed stars. Such a disruptive activity may even set limits to the star formation rate at galactic scales. 2, 3 H II regions in our galaxy are classified by size as ultracompact ͑UCH II͒, compact, and extended H II regions. 4 Ultracompact H II regions have sizes of about 0.1 pc ͑1 parsec is about 3 light years͒, and are buried in the denser parts of the parental cloud. 5 Compact H II regions are larger, 0.1-0.3 pc, and seem to be already excavating a hole in the clouds. Extended ͑or classical͒ H II regions have sizes up to several parsecs and represent an advanced state of the evaporation of the parent cloud. There is a new, recently defined class, super-ultracompact H II regions ͑SUCH II͒, which are even smaller than UCH II. Only a small number of them are known, but their properties indicate that they are the youngest class of H II region. 6 Even larger objects, called giant and supergiant H II regions, are found in external galaxies. These are not individual H II regions but rather are conglomerates of neighboring objects, excited by several clusters of massive stars, giving the appearance of a single unit.
In contrast to H II regions, planetary nebulae are formed by the expulsion of the outer layers of a low-mass star via a stellar wind, exposing the nucleus of the star. This hot, central core, in which nuclear reactions have ceased to occur, has temperatures above 10 5 K and will eventually become a white dwarf. The wind drives a low-velocity but massive outflow with speeds of about 20 km s Ϫ1 , providing the mass for the main body of the resulting nebula. The wind velocity increases to about 10 3 km s Ϫ1 as the stellar core is exposed and the PN is turned on by the strong UV photon field coming from the hot star. Structure within the nebula is produced by the interaction of the slow and fast winds. There is a wide variety of observed shapes that are classified into several morphological classes. PNe are currently cataloged as spherical, elliptical, bipolar, quadrupolar, point-symmetric, and irregular ͑see the catalog by Manchado et al. 7 ͒. Some of them even show collimated, jet-like outflows. Dust shells around the progenitors of PNe do not show signs of asphericity, hence some physical process responsible for the observed morphologies must occur.
In contrast to the previously described photoionized nebulae, SNRs are generated by the violent death of a star, in which most of the internal layers of the exploding star are ejected at velocities ranging from a few thousand up to ϳ2 ϫ10 4 km s Ϫ1 . 8 This can be caused either by the deflagration of a white dwarf that has accreted matter and reached a critical mass for explosion, or by the collapsing core of a massive star that becomes a neutron star. The kinetic energy of the expelled matter is thermalized via strong shocks during the interaction with the ambient medium. The resulting shocked plasma, which is the actual remnant and is formed by a mixture of the ejected material and the swept-up ambient gas, has an ionization structure solely defined by collisional processes. With initial temperatures above 10 7 K, the emission from these hot SNRs is dominated by line-cooling in the x rays. For typical interstellar conditions, with ambient densities of about one particle per cubic centimeter, most of the supernova energy is radiated away on timescales of order several times 10 4 years 9 and the SNRs then evolve along a momentum conservation track. 10 Here we review the evolution of H II regions and PNe and discuss recent advances in our understanding of photoionized nebulae. In particular, we focus on the early phases of H II expansion and the role played by stellar rotation and magnetized winds in the origin of asymmetrical PNe.
II. H II REGIONS
Classical H II regions were the first objects to be recognized as galactic plasmas. Their large sizes, high luminosities, and the fact that they had largely dispersed the obscuring molecular cloud in which they formed all contributed to their early detection. A large body of data exists on these regions at both optical and radio wavelengths.
Single-dish ͑and hence low angular resolution͒ radio continuum surveys of the galaxy identified a large number of bright, ''compact'' ͑usually unresolved͒ H II regions which were promptly identified as the formation sites of massive stars. These regions were less amenable to optical study because of their relatively large opacities. With the development of radio interferometers in the 1960s, sufficient angular resolution was available to study the structure of these compact sources, unhindered by the optical extinction, and the smaller, denser, individual regions found within them were reasonably named ultracompact ͑UC͒ H II regions. 11, 12 These UC regions have received considerable attention in recent years, largely because they are unambiguous indicators of young massive stars.
High-resolution interferometric surveys of UC H II regions have been made by Wood and Churchwell 5 and Kurtz, Churchwell, and Wood, 13 and there are other significant observational programs that have been carried out by several other groups. 14, 15 In total, several hundred UC H II regions are now known. One of the key results of these surveys has been the identification of five distinct morphological types: cometary, core-halo, shell, spherical, and irregular/multiplypeaked. Most recently, with the advent of higher frequency receivers on instruments such as the Very Large Array, Carral et al. 16 and De Pree et al. 17 have identified a new class of ''super UC'' H II regions. These regions, with sizes and densities similar to those seen in compact molecular cores ͑see later in this work͒ are presumed to be the earliest evolutionary phase after the initial development of the H II region.
A. Stellar birth places and UCH II
Massive stars are formed in groups inside molecular cloud complexes. These cloud complexes are opaque to optical radiation and contain structures on many different size scales. They are composed of high-density condensations, or cloud cores, interconnected by a more diffuse intercloud medium, and their bulk density distributions can be approximated by a power law, n(r)ϰr Ϫw ͑where r is the radius from center of the cloud complex and the average value of the exponent is wϳ2; see Ref. 18͒. These high-density cores reach peak densities of about 10 7 cm Ϫ3 and peak temperatures above 10 2 K, 19, 20 and are the sites of star formation. In addition, clouds show large nonthermal ''turbulent'' velocities, of several km s
Ϫ1
, and relatively strong magnetic fields, reaching peak values of tens of mG. 21, 22 These observed properties imply that the cores of massive molecular clouds are highly pressurized and strongly self-gravitating regions, with maximum total pressures above 10 Ϫ6 dyn cm Ϫ2 ͑for comparison, this value is about six orders of magnitude larger than the ambient interstellar pressure near the Sun͒.
Thus, the initial phases of H II region expansion occur in these high-density cores and should be affected by the large total pressures and strong density gradients. Indeed, observations of the molecular gas surrounding UCH II regions show large velocity dispersions, 23 indicating that the corresponding kinematic pressures may be confining the photoionized regions. In addition, recent radio continuum studies show evidence for power-law density distributions with wϾ2 inside UCH II and super-UCH II. 24 This type of density stratification is also seen in extragalactic giant H II regions, 25 indicating that the gradients in photoionized regions can be maintained over long periods of time. This may be seen as a surprising result since it is usually thought that photoionization smooths out density inhomogeneities on short time scales. This last conclusion, as we will discuss later, is not always true.
B. The formation of H II regions
Following the classification scheme for H II regions described previously, one can sketch a simple evolutionary link with the size growing in time. After Strömgren 26 and Kahn 27 set the physical basis for their modeling, the details of the expansion have been studied with a variety of analytical and numerical tools, and under different cloud conditions ͑see reviews by Yorke 28 and Franco et al.
29
͒. The results of these studies show that the main evolutionary features are largely defined by the properties of the ambient medium in which the stars form.
The ionization front produced by the radiation field of a recently formed star will reach its initial equilibrium radius in a recombination time. 26 This initial radius is
, where n 0 is the ambient density, F Ã is the total number of ionizing photons emitted per second, and ␣ B ϭ2.6ϫ10 Ϫ13 cm 3 s Ϫ1 is the hydrogen recombination coefficient to all levels above the ground state. The photoionized region reaches its equilibrium temperature, T i ϳ8 ϫ10 3 K, even more rapidly and, as the equilibrium radius is reached, the recently formed H II region expands nearly isothermally and drives a strong shock wave ahead of the ionization front. The interface between the ionization front and the leading shock ͑the I-S front͒ accumulates shocked gas and forms a shell. The expansion of the shell continues until the photoionized gas reaches pressure equilibrium with the ambient interstellar medium, of pressure P 0 . If the I-S front encounters a strong negative density gradient and overruns it, then the expansion will enter into a ''champagne'' phase. 30, 31 As discussed above, the observed densities and temperatures in hot cores are above 10 7 cm Ϫ3 and 100 K. Thus the cores of massive molecular clouds are highly pressurized regions. The obvious consequence of this high pressure is that some H II regions can reach pressure equilibrium within the central uniform-density core. The thermal pressure of the ionized region with electron density n e is P i ϭ2n e kT i , where k is Boltzmann's constant ͑for a pure hydrogen nebula the ion density n i is equal to n e ͒. The expansion inside the cores continues until P i tends to P 0 , and the stagnation radius at pressure equilibrium is R HII,eq Ϸ2. , where is the optical depth of dust from the star to the boundary of the photoionized region. 31 For massive stars with temperatures above 3.5ϫ10 4 K and embedded in densities above ϳ10 6 cm Ϫ3 , the sizes are reduced by more than a factor of 3. Thus, the new class of super-UCH II regions may be very young, probably nascent, H II regions embedded in dusty cores with densities ϳ10 7 cm Ϫ3 . At these large densities, the region is not only opaque to the stellar UV field but also to its own radio emission.
C. Density gradients and fragmentation of the expanding shell
As described above, star-forming cores display steep density gradients with wϾ2. In this case, the ionized flow is accelerated outward and, depending on the value of the gradient, can even produce internal shocks. 31 Also, the I-S front is unstable and, during the whole expansion phase, a variety of clumps and finger-like structures are created in the expanding shocked shell. 32, 35, 36 For spherical clouds with a power-law density stratification, n(r)ϭn 0 (r/r c ) Ϫw , the initial H II region size is denoted R w and its growth is approximated by R͑t ͒ӍR wͫ 1ϩ 7Ϫ2w
͑1͒
For wϽ 3 2 , the I-S front accumulates gas and the expansion is decelerated. For wϭ 3 2 ϭw crit , the ionization front and the shock front move together at a constant speed, without a neutral interface. For wϾ 3 2 , the ionization front overtakes the shock front and ionizes the entire cloud. Thus, fast flows can be generated in steep density gradients. For instance, flow velocities between 20 and 30 km s Ϫ1 are generated in w ϳ2 distributions, and the speeds can increase to more than 100 km s Ϫ1 for wϾ3. As stated above, the I-S front is unstable to dynamical and ionization front instabilities, and numerical simulations show that these instabilities generate a rapid fragmentation of the shell. 32, 36 The shapes of the resulting fragments are similar to those observed in cometary globules and elephant trunks, and the flow instabilities appear under a wide variety of conditions. The presence of a strong stellar wind also generates clumpy structures and the composite structures formed around massive stars with strong winds and expanding H II regions display a complex behavior. 35 The winddriven shell forms large density clumps and the UV photon field creates long photoionized fingers in the directions that are free of clumps. As discussed below, these types of processes are important not only for H II regions but also for planetary nebulae.
III. PLANETARY NEBULAE: TOROIDAL FIELDS AND COLLIMATION
Planetary nebulae, which arise from older, lower mass stars, are readily studied at optical wavelengths. In this regard they are similar to evolved H II regions, but differ from the compact H II regions emphasized in Sec. III, which are too deeply embedded to be readily accessible outside the radio regime. Although significant radio studies of PNe have been made ͑and indeed are quite important for more distant nebulae which suffer from line-of-sight extinction in the galactic plane͒, the greater body of knowledge has been provided by optical observations. This is particularly true with the advent of the Hubble Space Telescope that has revealed a wealth of complex structures dominated by collimated outflows. In this context, it has become necessary to reformulate many of the previous concepts on the formation and evolution of PNe, with binary systems and magnetic collimation now playing a vital role.
Indeed, the wide variety of observed PNe morphologies is a key problem in understanding their evolution. The main body of a PN is formed by the outer layers expelled in the so-called Asymptotic Giant Branch ͑AGB͒ phase via a slow, dense wind of high mass-loss rate ͑of order of 10 Ϫ4 M ᭪ yr Ϫ1 ͒. As the star leaves the AGB the characteristics of the mass-loss process gradually change and the wind becomes fast, tenuous, and isotropic. This fast wind eventually overtakes the previously ejected, slower moving material. The resulting momentum exchange between the winds produces hydrodynamic discontinuities. An outward shock compresses, heats, and accelerates the slow-moving wind and ambient material, while an inward reverse shock decelerates, heats, and compresses the fast stellar wind. At the boundary between the inner and outer shocks a contact discontinuity is formed. This hydrodynamic model for interacting winds with photoionization satisfactorily represents the main features of PNe with a spherical or elliptical morphologies. 37, 38 These features include bright rims, shells, and halos that are usually seen in hydrogen and helium recombination lines.
For elongated and bipolar morphologies the formation of an equatorial density enhancement during the slow-wind phase plays a major role in the subsequent development of the nebula. By modifying the properties of this equatorial density enhancement, the main observed features in axisymmetric PNe are successfully reproduced. [39] [40] [41] The roles played by stellar rotation and magnetized winds in this context have been explored only recently, and their relevance becomes clear when considering the existence of collimated, high-velocity outflows in PNe, or the variety of other features such as knots, tails, and fliers that are localized both inside and outside the main nebular shells. These structures are prominent in low-ionization lines such as those of ͓N II͔, ͓O I͔, and ͓S II͔, and are present indistinctly in all morphological classes of PNe ͑see Refs. 7, 42, and 43͒. Pure hydrodynamic models face certain difficulties in reproducing these types of structures. In particular, jet-like outflows are very difficult to form because fast winds tend not to converge into stable structures in the PNe environment ͑see Ref. 44͒. Clearly, additional processes are required to understand these features. For instance, shell fragmentation due to ionizationshock front instabilities, as described previously for H II regions, can generate clumps and knots throughout the evolution. Also, and more important for the present discussion, stellar rotation and magnetized winds are key ingredients in shaping these nebulae.
A. Stellar rotation
The effects of critical stellar rotation on the initial slow wind, which creates equatorially confined outflows, has been discussed by Langer 45 and García-Segura et al. 46 The resulting asymmetrical flows are based on the solutions for pressureless rotating winds obtained by Bjorkman and Cassinelli, 47 where the winds are concentrated near the equatorial plane. This mass concentration acts as an obstacle for the faster second wind, and the flow tends to move preferentially in opposite directions along the rotation axis. This creates a bipolar outflow which is photoionized by the central star. Hence, stellar rotation may be the principal cause of the bipolar structures in PNe.
Asymmetries in the slow wind are not the only factor responsible for PNe morphologies: magnetic fields can also drive deformations in the wind-driven bubbles. For example, a dipole field component can generate density enhancements at the equatorial plane ͑see Refs. 48 and 49͒. Also, and perhaps more important in shaping the photoionized nebula, Begelman and Li 50 obtained self-similar solutions for aspherical nebulae produced by a rapidly rotating neutron star with a magnetized fast wind. They used the thin shell approximation without any flow asymmetries, and the aspherical shapes arose solely from the tension of the toroidal magnetic field. This was later applied to PNe by Chevalier and Luo 51 who found the same steady-state aspherical results. More recently, with two-dimensional magneto-hydrodynamical ͑MHD͒ simulations in cylindrical coordinates, Różyczka and Franco 52 found the time-dependent evolution for interacting magnetized winds with slow rotation. The resulting magnetized, shocked flows display a very complex behavior in which jet-like features and collimated outflows can be created ͑see Fig. 2͒ was extended by García-Segura et al., 54 who made a series of 2-D spherical calculations to explore the range of shapes that can be ascribed to rotation and magnetic fields. More recently, García-Segura and López 55 included the precession of the rotational axis in numerical simulations in 3-D. These works indicate that the wide variety of observed nebular morphologies may be well explained by these effects.
B. Magnetized winds
The magnetic field in an outflowing wind from a rotating star has a toroidal component that decreases with distance as r Ϫ1 . The precise form of the off-equator distribution of this toroidal component is not very important, provided that the field is sufficiently strong to cause a deformation in the shocked wind region. 52 The radial field component decreases as r Ϫ2 , and can be neglected, so the field configuration obeys ٌ•Bϭ0. The main effects of the tension of the toroidal field ͑the hoop stress͒ are the elongation of the nebula in the polar direction and the creation of collimated flows or jets. The generation of a jet-like outflow occurs once the shocked wind region becomes magnetically dominated ͑the magnetic energy becomes larger than the thermal energy after compression and cooling of the shocked gas͒. Then the tension of the toroidal field drives a flow from the equatorial parts of the shocked wind region toward the symmetry axis, leading to the formation of a jet. The gas arriving at the polar regions of the nebula forms relatively dense blobs which can be identified with the ansae observed in PNe ͓e.g., Hb 4 ͑Ref. 56͔͒. This mechanism is actually the one that seems to operate in magnetized accretion disks to form jets, but the most important point to stress here is that magnetic collimation becomes very efficient ͑even for a spherically symmetric outflow͒ after the flow has been processed by a shock. Also, the collimation is operative up to large distances, even when the resulting jets develop kink instabilities. Note that anisotropic ambient density distributions are not required but, if they occur, they can produce even more elongated structures.
When a B-field is included in the rotating slow wind, the high-density region generated near the equatorial plane also has a compressed B-field. In this case, all the effects described above occur faster and have a stronger impact on the evolution of the resulting nebula: the effects of the magnetic stress are enhanced and a higher degree of collimation is achieved. Thus, a combination of rotation and a magnetic field can naturally account for some of the most interesting features in PNe. This does not preclude other effects ͑such as external density anisotropies͒ taking place at the same time, resulting in even richer morphological structures.
C. Stellar precession
A particularly intriguing case in PN morphologies is that of point-symmetric structures. Although the PNe that were originally classified as point-symmetric comprise a very small group, the presence of point-symmetric structures in PNe has been shown to span a much wider sample. 57 For example, signatures of point-symmetry can be appreciated in nearly 20% of the sample contained in the IAC morphological catalog. 7 Furthermore, practically every PN that has been observed at high spatial resolution with the Hubble Space Telescope shows some degree of point-symmetry, indicating that the mechanisms that produce it should be rather common. García-Segura and López 55 have made a computational survey of 3-D MHD simulations for young PNe in which they introduce different misalignments of the magnetic collimation axis with respect to the symmetry axis of the bipolar/elliptical wind outflow ͑the symmetry axis is defined as perpendicular to the equatorial density enhancements͒. This steady tilt can also be interpreted as the result of a large precession period. The simulations show that in these cases a hydrodynamical deflection of the magnetized, collimated wind on the bipolar/elliptical cavity can produce morphologies that may resemble the presence of precessing or rotating sources. Also, the strength ͑or disappearance͒ of several features is controlled by varying only the mass-loss rate of the wind. In this way they are able to reproduce a considerable number of PNe morphologies that present some degree of point-symmetry in their structures ͑see their Figs. 2-7͒.
The inclusion of the effects of a binary system in these models only strengthens the conditions for the development of point-symmetry. The implications of these new features are also very promising for estimating the mass-loss rates involved in the formation of PNe and proto-PNe. The massloss rate that has been estimated for the formation and detection of jets is Ṁ տ10 Ϫ7 M ᭪ yr
Ϫ1
. 55 It is interesting to note that the standard model of protostellar accretion disks requires mass-accretion rates of order 10 Ϫ7 M ᭪ yr Ϫ1 to power jets by young stellar objects.
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IV. SUMMARY
We have presented a brief overview of several of the dominant physical processes within photoionized nebulae that significantly affect the structure of these regions. For H II regions, ionized by the UV radiation of massive stars, the initial density distribution within the parent molecular cloud can have a significant impact over the evolution of the nebula. High ambient densities can confine the photoionized region to small sizes, while density gradients modify the classical expansion scenario. In the latter case, interactions between the ionization and shock fronts give rise to instabilities which result in fragmentation and a variety of clumpy structures.
In the case of planetary nebulae, which are the ionized ejecta of old, low-mass stars, such fragmentation and a variety of morphological types also occur. The interacting wind model has long been known to explain spherical and elliptical PNe. More recently, it has been shown that stellar rotation, which results in equatorially confined outflows, may be the primary cause of bipolar PNe. This effect is significantly magnified when the tension of the toroidal magnetic field is accounted for. Furthermore, recent work has shown that the increasingly important point-symmetry structures can be reproduced in 3-D MHD simulations. These studies model the effects of varying mass-loss rates combined with misalignments between the magnetic and outflow axes. The results have been quite successful in reproducing observed morphologies and hold significant promise for estimating massloss rates during the formation of PNe.
